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Abstract 
After treating with the visibility data inhomogeneity source from inconsistent record format at the beginning 
of the year 1980, we obtain the long-term time series of visibility, from which atmospheric aerosol optical depth 
over China during 1961 to 2005 are derived. By validation, it shows well consistency with former research and 
observation on long-term variation of aerosol optical depth over China. It is found that aerosol optical depth over 
China showed an increasing trend but a slowdown upward trend in the post-1985, especially in megacity regions. 
The aerosol optical depth are low in the northwestern China and high in the southeastern China where aerosol 
optical depth is generally greater than 0.4, and the maximum of more than 0.8 locates in the Sichuan Basin.  
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1. Introduction  
Atmospheric aerosol plays an important role in energy 
balance of Earth-Atmosphere system and thus can influence 
the global climate change significantly through direct, 
semi-direct and indirect effect. Aerosol Optical Depth 
(AOD) is one of the primary parameters to determine the 
aerosol radiative effects which can be obtained through 
ground-based measurement and satellite retrieval (Dubovik 
et al., 2000; Chu DA et al., 2003), however, due to highly 
temporal and spatial variability of aerosols, there is still lack 
of long time series of AOD on global or even regional scale.  
Horizontal Visibility is an indicator reflecting the 
atmosphere transparency which is highly negative correlated 
with AOD. Studies by Wang et al. (2009) indicate that AOD 
derived from meteorological horizontal visibility has a 
considerable accuracy with satellite retrieval product. This 
article is to validate AOD estimated with visibility data 
observed at routine meteorological stations and to give 
spatial and temporal variations of AOD over China. 
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2. Data and Methods  
2.1 Data information 
Meteorological horizontal visibility was observed in 753 
routine meteorological stations from 1961 up to 2005. 639 
stations more than 35 years are used in this paper, where are 
select to estimate AOD. Note that the visibility record format 
begins to change from 1980. Before 1980 visibility was 
divided into ten levels based on different visibility distance 
range while after 1980 was given the actual visibility 
distance (unit: km). Routine meteorological stations in China 
are regularly observed at least 4 times a day, at 2:00am, 
8:00am, 14:00pm and 20:00pm (Beijing time, the same 
below). In order to eliminate the visibility target 
inconsistencies in night time at 2:00am and 20:00pm and 
possible fog influence at 8:00am, the one observed at 
14:00am was chosen to represent the daily visibility in this 
paper. In addition, for the purpose of AOD estimating, the 
visibility observed in some weather conditions, such as 
precipitation, fog and high humidity (RH> 90%) was 
removed. 
 
2.2 Visibility data processing methods  
As mentioned formerly, visibility had different record 
format before and after 1980. If want to derive long-term 
time series, it is required to assign a reasonable visibility 
distance for level in record format before 1980.  In theory,  
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Table 1 Visibility interval and estimation for visibility levels 
Visibility Level Visibility  
interval / km 
Estimates for  
corresponding level / km 
0 <0.05 0.025 
1 0.05~0.2 0.1 
2 0.2~0.5 0.28 
3 0.5~1.0 0.7 
4 1.0~2.0 1.41 
5 2.0~4.0 2.67 
6 4.0~10.0 6.77 
7 10.0~20.0 13.58 
8 20.0~50.0 29.04 
9 ≥50.0 54.27 
 
daily visibility data in level format can be assigned any value 
in the interval corresponding to the level, e.g. the median; 
however, because of non-equidistance intervals for levels, it 
may lead to inhomogeneity for time series. In this paper, 
daily visibility data from 1980 to 2005 are transferred to 
levels format data firstly, and then under the limit of each 
level, daily visibility is averaged as the estimates for the ten 
levels (hereinafter called estimates). Table 1 gives the 
visibility levels, intervals and estimates for corresponding 
level respectively, in which estimate is median of interval for 
level_0, that is 0.025km. It can be seen that the estimates for 
a visibility level is less than the median of interval, and the 
level is larger, the difference is more significant. 
Using the estimates to replace daily visibility data before 
1980 in format of level, the monthly and annually average 
visibility can be obtained. Figure 1 shows long-term 
variation of visibility over China from 1961 to 2005 
averaged by 639 stations data, in which two processing 
results are given at the beginning of 1980. One is to get the 
annual average using the visibility observations directly (the 
circles), the other is to convert visibility to levels, then obtain 
the annual average according to processing method for data 
before 1980 (black dots). As shown in Figure 1, the visibility 
data processing method used in this paper may effectively 
guarantee the continuity of the visibility variation over China 
when record format were altered from 1980, and at the same 
time, keep a small relative errors between the estimates to 
observations after 1980 with the errors range form -1.5% to 
1.7%, which is the slightly influence on long-term trend 
analysis. In order to keep the continuity of data, later in this 
paper, the AOD is derived based on the visibility obtain by 
estimates for whole period from 1961 to 2005. 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Variation of annually averaged visibility over China 
during 1961 to 2005 
 
2.3 The method to derive AOD based on visibility  
According to the definition of meteorological visibility V, 
Visibility is inversely proportional to the atmospheric 
extinction coefficientσ0.55 at the wavelength of 0.55m, 
which can be expressed by equation (1): 
(1) 
In atmospheric standard conditions (T = 15 ℃, P = 
1013hPa), assuming aerosol obey Junge distribution, in 
terms of the relationship between atmospheric vertical 
attenuation with visibility in Elterman (1970), and aerosol 
particle concentration distribution with height inducted by 
McClatchey et al. (1971), AOD (τ λ) can be derived from 
visibility (V) based on the equation (2), 
 
in Equation (2),Z is the altitude of meteorological station 
(km), H1=0.886+0.0222V km，H2=3.77km，ν*= -2，
λ=0.55m. 
 
In this paper, the surface vapor pressure is introduced to 
revise the result of AOD according to the method developed 
by Qiu and Lin (2001), more detail in the reference. 
 
3. Results  
According to the method introduced in section two, the 
daily AOD in meteorological station is derived based on 
visibility, thus monthly and annually average for station or 
China is also obtained for the period from 1961 to 2005. 
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3.1 Validation of aerosol optical depth results   
Two time series of annually averaged AOD from 1961 to 
1990 over China are shown in Figure 2. The line with solid 
dots shows the result of this paper, while the line with 
triangles show ones in Luo et al. (2000) which is obtained by 
"broadband extinction method" with 44 stations direct solar 
radiation data in China. It can be seen that two results are 
highly consistent in variation characteristic with a correlation 
coefficient of 0.9. Annually averaged AOD in this paper is 
slightly higher compared to result in Luo et al. (2000) and 
the possible reason is that AOD in this paper is obtained at 
the wavelength of 0.55m, while equivalent to wavelength 
of 0.75m in Luo et al. (2000), assuming aerosol obey Junge 
distribution, the wavelength smaller, the AOD greater. 
AERONET is a global aerosol monitoring network 
established under the leading of NASA, whose aim is to 
acquire global aerosol optical properties using the 
ground-based sun photometer equipped at baseline or 
representative regional, further to validate and assess the 
accuracy of satellite retrievals (Dubovik et al., 2000). Here, 
one of AERONET sites Beijing which has the longest 
available data in China is selected for validation. From the 
variation of monthly average AOD from January 2002 to 
December 2005 in Beijing given in figure 3, we can see 
similar variation characteristic for two series with a 
correlation coefficient of 0.54. There are indications that the 
variation of monthly average AOD in Beijing derived by 
visibility is mild and relative larger differences for extreme 
AOD values compare to sun photometer observation, 
probably reason is that the visibility is artificial observation, 
which the sensitivity and accuracy can not be compared with 
the sun photometer instruments. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Variation of annually averaged AOD for 44 stations in 
China 
 
 
 
 
 
 
 
 
 
 
Fig.3. Variation of monthly averaged AOD in Beijing 
comparison to AERONET (Jan. 2001-Dec. 2005) 
 
MODIS (Moderate Resolution Imaging 
Spectroradiometer) is a key instrument aboard the NASA 
Terra satellites which can be used to retrieve aerosol optical 
depth with "dark-target” method proposed and developed by 
Kaufman et al (1997). In this paper, the MOD 08 Level 3 
monthly average AOD Gridded product from 2001 to 2005 
is also used to validate the AOD derived from visibility. 
Figure 4 shows the scatter plots and line regressive of 
comparison in the spring (March, April and May), summer 
(June, July and August), autumn (September, October and 
November) and winter (December, January and February) 
seasons, respectively. Seen from the linear regression 
equations and correlation coefficients at the bottom right 
corner, the seasonal correlation coefficient of visibility 
derived AOD and MODIS AOD are all higher than 0.6, with 
the maximum of 0.7 in the fall, and the minimum of 0.6 in 
the summer which may be the reason of higher water vapor 
or more concurrency of clouds and rain. Further, the 
validation shows that visibility derived AOD is usually 
higher than the satellite retrieval for low AOD, while lower 
for high AOD. One reason may be visibility derived AOD is 
not satisfactory for extreme AOD as motioned formerly. 
Additional reasons may be that the applicability of MODIS 
retrieval aerosol products in China has geographical and 
seasonal difference (Wang et al, 2007), and the global 
MODIS retrieval aerosol optical depth over land is 
significantly higher (Xia, 2006). 
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Fig. 4. Scatter plots for comparison of visibility derived AOD with MODIS retrieval AOD for each season 
 
3.2 Temporal and Spatial characteristics of AOD in 
China 
Using visibility derived AOD data, temporal and spatial 
characteristics of AOD is studied in this paper. Figure 5 
shows the long-term variation characteristic of AOD over 
China from 1961 to 2005, in which the top figure is annually 
averaged by 639 stations data for more than 35 years, while 
the bottom figure is averaged by 31 stations data located at 
the capital cities of provinces, autonomous regions and 
municipalities on behalf of megacity mean. In figure 5, the 
linear trends of AOD variation for two periods (1961 to 
1985 and 1986 to 2005) are also shown by solid bold line 
with the slope labeled on the upper left and lower right 
corner, respectively. It can be understand that AOD over 
China keep increase for the whole period from 1961 to 2005 
but with a slow down increasing rate at the period of 
post-1986. This characteristic is especially significant in 
large urban areas with the rate reduces more than an order of 
magnitude as shown in the bottom of figure 5. Aerosols 
emission caused by rapid increasing fossil fuel consumption 
is likely account for AOD variation tendency in China. The 
situation is particularly evident in large urban areas before 
1985, where the increase rate of AOD is largest. But with the 
development of the state and residents environmental 
awareness at the beginning of 1990s, more strength emission 
standards is executed for particle pollution control, which is 
carried out better in large urban cities than others in China, 
thereby cause significant difference in variation of AOD 
increase rate in megacity areas and other areas. 
Averaged AOD distribution pattern in China is also 
studied in this paper using annually averaged AOD data 
from 2001 to 2005, and shown in figure 6. It shows that the 
pattern is mainly characterized by feature of a higher in 
southeast and a lower in northwest. There are several 
significant high-value areas in China such as Sichuan, 
Henan, North China and Yangtze River regions with AOD 
magnitude to 0.6 and with a maximum greater than 0.8 in 
Sichuan Basin. The result is consistent with Li et al (2003) 
study, which is obtained by the use of MODIS aerosol 
products. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 Variation and line trend of annually averaged AOD 
over China 
Top: The curve is the annually averaged time series of AOD with 639 
stations data for more than 35 years, the two lines are the linear trend of 
AOD from 1961 to 1985 and from 1986 to 2005, respectively. Their 
change slope is marked at upper left and lower right corner of the figure; 
Bottom: same with top but with 31 stations data, locate in capital cities 
of provinces, autonomous regions and municipalities 
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Fig.6 Distribution pattern of averaged AOD over China (2001 to 2005). The bold curve is the isoline. 
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